Abstract Sentinel node biopsy helps in assessing the involvement of axillary lymph node without the morbidity of full axillary lymph node dissection, namely arm and shoulder pain, paraesthesia and lymphoedema. The various methods described in the literature identify the sentinel lymph nodes in approximately 96 % of cases and associated with a false negativity rate of 5 to 10 %. A false negative sentinel node is defined as the proportion of cases in whom sentinel node biopsy is reported as negative, but the rest of axillary lymph node(s) harbours cancer cells. The possible causes of a false negative sentinel lymph node may be because of blocked lymphatics either by cancer cells or following fibrosis of previous surgery/radiotherapy, and an alternative pathway opens draining the blue dye or isotope to another uninvolved node. The other reasons may be two lymphatic pathways for a tumour area, the one opening to a superficial node and the other in deep nodes. Sometimes, lymphatics do not relay into a node but traverse it going to a higher node. In some patients, the microscopic focus of metastasis inside a lymph node is so small-micrometastasis (i.e. between 0.2 and 2 mm) or isolated tumour cells (i.e. less than 0.2 mm) that is missed by the pathologist. The purpose of this review is to clear some fears lurking in the mind of most surgeons about the false negative sentinel lymph node (FNSLN).
Introduction
The sentinel node biopsy (SNB) is now considered as the standard of care in the surgical management of women with early-stage breast cancer. Sentinel node biopsy helps in assessing the involvement of axillary lymph node without the morbidity of full axillary lymph node dissection, namely arm and shoulder pain, paraesthesia and lymphoedema. The various methods described in the literature identify the sentinel lymph nodes in approximately 96 % of cases and are associated with a false negativity rate of 5 to 10 % [1] [2] [3] . These high false negative rates of sentinel lymph node biopsy (SLNB) have created a fear in the mind of breast surgeons. The purpose of this review is to clear some fears lurking in the mind of most surgeons about the false negative sentinel lymph node (FNSLN).
Methods of Sentinel Lymph Node Biopsy
Sentinel node is identified with injection of either large particulate material blue dye, e.g. isosulphan blue dye (Lymphazurin 1 %) and methylene blue, or technetium 99m tagged with sulphur colloid or antimony, in sub-areolar, intradermal, peri-tumoral or intra-tumoral location of the breast. In Europe, many centres use technetium 99m tagged with colloidal albumin [4] [5] [6] [7] . Many authors have demonstrated that the combination of radioisotope and a blue dye for lymphatic mapping improves the sentinel lymph node identification probability compared to the use of a single tracer [8] . The sentinel node is defined as any hot, blue or palpable node in the axillary tissue or a node in which a blue lymphatic vessel is seen to enter. This node(s) is sent for identifying metastasis either by immediate imprint cytology or frozen section or by formalin fixation and haematoxylin and eosin (H&E) (and sometimes immunohistochemical (IHC)) staining. Sentinel node biopsy provides an opportunity to the pathologist of a more focused and detailed approach towards a single node. Multiple fine sections of the sentinel node at 2-mm intervals are prepared for detailed microscopic evaluation. In contrast to this, following full axillary node dissection, most pathological laboratories prepare only one histological section per lymph node and the diagnosis of nodal metastasis is made on the basis of histological examination of one section per node [9] . Sometimes, special immunohistochemical stain for cytokeratin is employed to discover any single tumour cell or cluster of tumour cells (occult metastasis), which are often missed on H&E staining. The American College of Surgeons Oncology Group (ACOSOG) study Z0010, a prospective multicentre study, after an 8-year follow-up of 5210 patients, found that IHC-detected metastasis has no impact on overall survival [10] . That is why neither the American Society of Clinical Oncology (ASCO) nor the National Comprehensive Cancer Network (NCCN) guidelines recommend the routine IHC for sentinel lymph node evaluation.
SLNB in Special Situations

Post Neoadjuvant Chemotherapy
Kuehn et al. (SENTINA trial) evaluated the role of sentinel lymph node biopsy before and after neoadjuvant chemotherapy. They concluded that even pathologically proven positive sentinel lymph node should undergo repeat SLNB if converted to clinically node negative following neoadjuvant chemotherapy (NACT) and should be treated accordingly. The overall false negative rate (FNR) for SLNB was 14 %, but this varied with the number of sentinel nodes examined, i.e. 24, 18 and 5 % if one, two or three or more sentinel nodes were examined, respectively [11] . Similarly, the ACOSOG Z1071 trial showed that 41 % of clinically node-positive patients became pathologically node negative after neoadjuvant chemotherapy. The sentinel node detection rate was 93 %. The overall FNR among patients with clinically node-positive disease prior to NACT was 13 % among those who had at least two sentinel nodes removed. Like the SENTINA trial, the false negativity rate correlated with the number of sentinel nodes examined (31, 21 and 9 % if one, two or three or more nodes were examined, respectively) [12] .
SLNB Post Breast Surgery
Intra et al. first reported on the feasibility of sentinel lymph node (SLN) biopsy in women with recurrent breast cancer following mastectomy and implant-based reconstruction for previous DCIS [13] . Limitation of this study was that it was a small report of four patients, and follow-up was very short. They identified sentinel nodes in all patients, two of whom had nodal metastasis. The remaining two patients did not have nodal dissection. No axillary recurrences were reported. Another study, by Karam et al. at the Memorial Sloan Kettering Cancer Center, reported on a 10-year experience of SLN biopsy in 20 patients with a history of mastectomy [14] . The SLN identification rate was 65 %. Full axillary dissection was not performed on all patients, so false negative rates are not known. Most recently, Tasevski et al. published a retrospective case series on SLN biopsy in 18 patients with ipsilateral breast tumour recurrence after breast surgery. Reoperative SLN biopsy was successful in 12 out of 18 patients [15] . Cindy et al. assessed the accuracy of sentinel lymph node biopsy after aesthetic breast surgery in a series of four cases and found that peri-areolar or inframammary incisions are not a contraindication to SLNB [16] .
Luini et al. examined the accuracy of sentinel lymph node biopsy in 543 patients with a history of breast biopsy as previous breast biopsy has been considered a relative contraindication to SLNB. SLNB was guided by performing lymphoscintigraphy on the previous biopsy area. All patients were followed up every 6 months by clinical examination and annually by mammograms and ultrasonography for 5 years. They found that the sentinel node was negative in 70.4 % of cases, and only three cases developed axillary recurrence during follow-up. The sentinel node was identified in 99 % of cases [17] .
Validation Phase of a Sentinel Node Biopsy Programme
It is recommended that in the beginning of a sentinel node biopsy programme in a unit/department, a team of surgeons, nuclear medicine physician and pathologist should undergo a rigorous training followed by an initial phase of validating the diagnostic accuracy of identification and detailed histological evaluation of sentinel lymph node. During this validation phase, the team performs 30 to 50 sentinel node biopsy preferably by a combination of tracers; retrieves the radioactive hot, the blue stained or any palpable node; and sends the nodes for pathological evaluation followed by a full axillary lymph node dissection of the rest of the axillary nodes. The sentinel node and rest of axillary nodes are sent as two separate specimens for detailed histological examination. In case the sentinel node(s) is (are) reported to show cancer cells, these are labelled Btrue positive node^. There are some patients in whom the sentinel nodes are reported to demonstrate no cancer cell, and these are reported as Bhistologically negative node^. Some of these histologically negative nodes belong to patients in whom there are metastatic deposits in the rest of axillary nodes. These are then labelled Bfalse negative sentinel node^, because the histological report of a sentinel node was wrongly (or falsely) reported as negative. The remaining cases where both the sentinel node and the rest of axillary nodes are reported to harbour no cancer cell are labelled Btrue negative^because all the axillary lymph nodes are truly free from cancer cells.
It is the histological evaluation of the rest of axillary nodes that is taken as the gold standard for SNB evaluation; however, there are some unique characteristics in the definition, which set out SNB reporting different from other diagnostic tests. These are as follows: The uniqueness of SNB can be best understood with data input in Table 1 . The Ba^is defined as the positive sentinel node with or without the rest of axillary node positivity. Even if the rest of axillary nodes are negative and even if a single SN is positive, it will be defined as Btrue positive^with data input in the Ba^cell of Table 1 . In fact, 40-60 % of all cases of clinically N0 disease in breast cancer have the sentinel node as the only positive node [8, 18] . By definition, the Bb^cell in Table is deliberately kept zero, as there are no false positives in sentinel node biopsy. Thus, positive predictive value and specificity are always 100 % in a SNB study due to unique definitions of Ba^and Bb^cells.
A false negative sentinel node is defined as the proportion of cases in whom sentinel node biopsy is reported as negative, but the Brest of axillary lymph node(s)ĥ arbours cancer cells. Some of these patients will progress to a clinically overt axillary recurrence. The administration of radiotherapy to the breast and axilla, along with systemic chemotherapy and hormone therapy, reduces the risk of axillary recurrence even if up to two sentinel nodes are positive. Giuliano et al. through their much-publicized ACOSOG Z0011 randomized controlled trial compared the long-term locoregional recurrence and survival in patients undergoing sentinel node biopsy as compared to patients treated by axillary lymph node dissection [19] . It was a phase 3, non-inferiority, multicentre trial that enrolled women with clinical T1-T2 invasive breast cancer with no palpable axillary adenopathy undergoing breast conserving surgery. A total of 891 breast cancer patients with one to two positive sentinel lymph nodes either micrometastasis or macrometastasis participated in this trial. This trial demonstrated that sentinel lymph node biopsy followed by adjuvant therapy might be a reasonable management for patients with early-stage breast cancer among cases with up to two positive sentinel lymph nodes. The axillary recurrence in women, who underwent axillary lymph node dissection in this trial, was 2 out of 420 (0.5 %), whereas in women treated with sentinel node biopsy alone, the risk of axillary recurrence was 4 out of 436 cases (0.9 %). The absolute risk of axillary recurrence is thus very low indeed. So, out of 9 % or 9 out of 100 false negative sentinel nodes, i.e. 9 nodes harbouring cancer cells, only 0.9 % of these 9 nodes were actually manifested clinically. Thus, false negative sentinel node can be classified as (a) histologically false negative sentinel node and (b) clinically overt false negative sentinel node which can be manifested later as an axillary nodal recurrence.
Definition of False Negative Sentinel Lymph Node Biopsy
A false negative sentinel node is defined as the proportion of cases in whom sentinel node biopsy is reported as negative, but the rest of axillary lymph node(s) harbours cancer cells. The possible causes of a false negative sentinel lymph node are considered below:
1. The lymphatic pathway to the truly involved node by cancer is blocked (by tumour emboli, fibrosis of previous surgery or radiotherapy or inflammation like tuberculosis), and an alternative pathway opens draining the blue dye or isotope to another uninvolved node. This uninvolved node is sampled by surgeon and sent as sentinel node. The pathologist reports this sentinel node as negative (Fig. 1 ). 2. There are two lymphatic pathways for a tumour area, one opening to a superficial node in the lateral pectoral region and the other opening to the retro-pectoral or interpectoral region which is not sampled during sentinel lymph node biopsy. Thus, the positive node is missed and, instead, the surgeon removes another node, which is blue/hot node. Sentinel nodes are usually sampled from the lower level I of the axilla, i.e. the space between the lateral border of pectoralis major muscle and lateral thoracic vein. In 98.2 % of patients, the axillary sentinel lymph nodes are located medially, along with the lateral thoracic vein either above or below the second intercostobrachial nerve [20] . Since we do not sample the inter-pectoral and retro-pectoral spaces, the truly involved node is missed. 3. Sometimes, lymphatics do not relay into a node but traverse it going to a higher node (Fig. 2) . This is akin to a situation where a fast express train passes through a village railway station without stopping. The afferent lymphatics may traverse a lymph node without opening its contents into the node, thus bypassing a node [21] . Ludwig has described this arrangement of lymphatics, which bypass the filter function of node [22] . 4. In some patients, the microscopic focus of metastasis inside a lymph node is so small-micrometastasis (i.e. between 0.2 to 2 mm) or isolated tumour cells (i.e. less than 0.2 mm) that is missed by the pathologist. It is reported as negative for metastasis, whereas some other nodes in the rest of the axilla are shown to contain tumour cells. Hence, this sentinel node fits the definition of a false negative sentinel node. Such a detection error may be reduced if immunohistochemical staining with pancytokeratin is utilized. 5. The training of surgeon in performing sentinel node biopsy is poor.
Magnitude of the Problem
The actual magnitude of false negative sentinel lymph node can be better understood by taking an example of 1000 women with early-stage breast cancer and a clinically negative axilla, out of which about a third, i.e. 300, would harbour microscopic nodal metastasis [23, 24] . Of these 300, if we do a sentinel node biopsy with 10 % false negative risk (it is actually the risk or proportion not a rate, as rate by definition should include time in the denominator), 30 (10 %) of 300 cases will be missed on sentinel node biopsy. Of these 30 cases, 9/10, i.e. 27 cases, will be controlled by adjuvant therapy (radiotherapy, chemotherapy and hormone therapy) leaving behind 3 women out of 1000 women with a clinically negative axilla, who will have her missed axillary lymph node (a false negative node) manifested as a clinically overt axillary recurrence. We may call this Bclinically overt false negative sentinel node^. In Giuliano et al.'s Z0011 trial [19] , the axillary recurrence in axillary lymph node dissection arm was reported in 5 per 1000 cases of axillary lymph node dissection and 9 per 1000 cases after sentinel node biopsy alone in women with up to two positive sentinel lymph node. Thus, the absolute harm in terms of axillary recurrence due to not doing an axillary lymph node dissection among 1000 women with up to two positive sentinel lymph nodes is 4 (9 − 5 = 4) cases. If we take all women with clinically negative axilla, these 1000 cases with up to two positive sentinel lymph nodes would have arisen from 3000 women (assuming one third of all clinically negative axillae have a positive sentinel lymph node). Hence, of 3000 women with clinically negative axilla subjected to sentinel node biopsy, only 4 will be harmed by not doing a full axillary lymph node dissection. Imagine the harms (painful shoulder, lymphoedema and insensate arm and axilla, costs of procedure and cost of treating complications, operating time) of unnecessary axillary lymph node dissection in 3000 − 4 = 2996 ladies.
Similarly, when we look at the results of NSABP B-32, (the largest randomized controlled trial on sentinel node biopsy on 5611 cases), we find that there were no significant differences in locoregional control, overall survival (OS) or disease-free survival (DFS) between the groups at a median follow-up of almost 8 years. In this trial, women with a clinically impalpable axillary node were recruited to sentinel lymph node dissection (SLND) followed by axillary lymph node dissection (ALND) versus SLND followed by ALND only if the SLN 2 False negative lymph node due to traversing of lymphatics through sentinel node without relaying into it. A Breast tumour. B Afferent lymphatic to sentinel lymph node. C Genuine sentinel lymph node without tumour metastasis. D Patent lymphatic carrying dye to nonsentinel lymph node (traversing sentinel lymph node without seeding it with tumour emboli). E Non-sentinel lymph node with tumour metastasis was positive. The sentinel lymph node identification rate was 97 % along with a false negative rate of 9.8 % [23, 24] .
Another trial by the International Breast Cancer Study Group (IBCSG) 23-01 trial, where early-stage breast carcinoma patients were randomized to either completion ALND or only SLND, found that there was no significant difference in 5-year overall survival and disease-free survival rate between the two groups. The axillary recurrence rate was only about 1 % after sentinel node biopsy [25] . The ASCO 2014 guidelines advise that there is no need of completion axillary lymph node dissection for patients with less than three positive sentinel lymph nodes if patients are planned for whole breast irradiation [26] .
The European Organisation for Research and Treatment of Cancer (EORTC) conducted a multicentre randomized controlled (AMAROS) trial to compare the effects of axillary irradiation and axillary lymph node dissection in early-stage breast carcinoma patients with positive sentinel lymph nodes. This trial enrolled 4823 patients from 34 centres of nine European countries from 2001 to 2010. These patients were randomized to axillary irradiation or axillary lymph node dissection. After a median follow-up of 6.1 years, it was concluded that the 5-year axillary recurrence was 0.43 % (95 % CI 0.00-0.92) after axillary lymph node dissection versus 1.19 % (0.31-2.08) after axillary radiotherapy. Moreover, axillary radiotherapy resulted in significantly less morbidity [27] .
All these studies on sentinel node biopsy have shown that out of all positive axillary nodes (if left in axilla), only a very small fraction would grow to manifest as clinically detectable axillary recurrence. Since the absolute recurrence risk is very low and is very close to that of full axillary lymph node dissection, the false negative sentinel node risk of 8 to 10 % should not alarm us. In future studies of sentinel node biopsy, we should actually look at the incidence of clinically overt false negative sentinel node and not simply Bhistological false negative sentinel node^.
Future Directions
There is a need for developing a highly sensitive diagnostic test to detect tumour containing lymph node. This will eliminate the problem of false negativity in sentinel node mapping. Our recent effort in this direction is that injecting the tracer intravenously has exhibited interesting results. In this technique, after injection of 3 ml of 20 % fluorescein sodium intravenously about 20-25 min before sentinel lymph node biopsy (SLNB), we observed the presence of fluorescein in tumour containing lymph node with blue light (wavelength 460 nm). This may be due to increased blood flow associated with tumour-induced angiogenesis in the node containing metastatic deposits of more than 1 mm. If we are able to reproduce our results in a large sample of patients, then this technique might help in reducing the problem of false negative sentinel lymph node [28] .
